The fate of ultraviolet-induced, thymine-containing dimers in the deoxyribonucleic acid (DNA) of Bacillus subtilis was investigated in both the wild type (UVR) and an ultraviolet light-sensitive (UVS) mutant. During incubation in the dark, dimers were excised from the DNA of the UVR B. subtilis, but remained in the DNA of the UVS mutant. About 40% of the excised dimers recovered in the wild type were in the acid-soluble fraction; the remainder were in the incubation medium. A UV' mutant of Escherichia coli K-12, shown previously to be defective in dimer excision, was irradiated with ultraviolet light and incubated under visible light for 3 hr. About 65% of thymine-containing photoproducts were removed from the DNA. These photoproducts were not recovered in the acid-soluble fraction. In comparison, the UV' mutant of B. subtilis lost only 13% of such photoproducts from DNA when exposed to light under the same conditions.
The fate of ultraviolet-induced, thymine-containing dimers in the deoxyribonucleic acid (DNA) of Bacillus subtilis was investigated in both the wild type (UVR) and an ultraviolet light-sensitive (UVS) mutant. During incubation in the dark, dimers were excised from the DNA of the UVR B. subtilis, but remained in the DNA of the UVS mutant. About 40% of the excised dimers recovered in the wild type were in the acid-soluble fraction; the remainder were in the incubation medium. A UV' mutant of Escherichia coli K-12, shown previously to be defective in dimer excision, was irradiated with ultraviolet light and incubated under visible light for 3 hr. About 65% of thymine-containing photoproducts were removed from the DNA. These photoproducts were not recovered in the acid-soluble fraction. In comparison, the UV' mutant of B. subtilis lost only 13% of such photoproducts from DNA when exposed to light under the same conditions.
Irradiation of bacteria with ultraviolet light (UV) produces a variety of pyrimidine dimers in their deoxyribonucleic acid (DNA; 15). In Escherichia coli, there are two distinct mechanisms for repairing this damage; one operates in the presence of light (4) , and one functions in the dark (20) . The photoreactivating repair system is enzymatic (4, 10) , requires light of wavelength 3,200 to 4,000 A (8) , and functions by splitting the pyrimidine dimers in situ (16, 21) . It (1, 2, 7, 14, 18) .
A number of UV-sensitive mutants of E. coli have been isolated and found to be defective in their ability to excise dimers during incubation in the dark (2, 5, 7, 14) . They were also found to be incapable of repairing UV-irradiated Ti phage (6, 10, 12) .
Recently, a UV-sensitive mutant of B. subtilis was isolated which is also defective in repairing UV-irradiated phage (13) . It was the purpose of I Present address: National Institute of Arthritis and Metabolic Diseases, Bethesda, Md. these experiments to determine the fate of UVinduced thymine-containing photoproducts in the DNA of both the normal and UV8 mutant of B. subtilis during post-UV incubation in the dark or under visible light. (UV' and UVR will be used to denote UV-sensitive and UV-resistant phenotypes; uvr will be used as the symbol for a genetic locus controlling pyrimidine dimer excision and UV sensitivity.) Experiments showed that thymine-containing dimers were excised in the dark from DNA of the normal strain but not from the UV' mutant. Incubation in visible light had no significant effect on the number of dimers remaining in the DNA of the UVB B. subtilis mutant. In contrast, a UV' mutant of E. coli lost 65% of thymine-containing dimers from DNA when incubated in visible light after UV irradiation. Postirradiation treatment ofcells. After irradiation, 100 pug of unlabeled thymidine was added to each petri dish. Control samples were immediately chilled in ice; the others were kept in the dark for 2 hr or in the light for 3 hr at 37 C. The latter were exposed to four fluorescent lights at a distance of 5 cm, with occasional stilring. They were then centrifuged and washed once with 1.5 ml ofminimal medium, the wash being combined with the 30-nil incubation medium after centrifugation and saved for determination of radioactivity as described below. The packed cells were suspended in 1 ml of 5% trichloroacetic acid and kept at ice temperature for 45 min. Acid-soluble and acid-insoluble fractions were separated as previously described (2) . They were dried under a stream of warm air, hydrolyzed at 175 C for 90 min with concentrated trifluoroacetic acid, and paper-chromatographed in butanol-acetic acid-water (200:30:75), following the procedure of Boyce and Howard-Flanders (2). Paper strips were dried in air and scanned for radioactivity.
Treatment of the incubation medium. The incubation medium was concentrated by evaporation to 7.5 ml and shaken with 10 mg of charcoal (19) . Approximately 90% of the radioactive material was recovered from the charcoal after shaking for 2 hr with 10 ml of 10% pyridine in 50% ethyl alcohol. Samples of charcoal-eluted material were chromatographed without hydrolysis, as described for the acid-soluble and insoluble fractions. Radioactive material remaining near the origin was eluted, hydrolyzed with trifluoracetic acid as described, and rechromatographed.
In a reconstruction experiment, one-half of the acid-soluble fraction of UV-irradiated, incubated, UVR E. coli AB2497 was hydrolyzed and chromatographed as described. The other halfwas first adsorbed onto charcoal, eluted, hydrolyzed, and chromatographed. No difference in the ratio of radioactivity of thymine-containing dimers to thymine was observed between the two samples, indicating that no selective loss of either dimers or thymine occurred upon adsorption and elution from charcoal. Table 1 shows the numerical results of these experiments. Upon incubation, there was a decrease in photoproducts relative to thymine only in the UVR JB1-49 strain. In the UV8 strain, JB1-49 23, no decrease in photoproducts relative to thymine was observed during incubation in the dark. Thus, as in E. coil, the UV" strain of B.
RESULTS
subtilis is able to remove preferentially photoproducts from the DNA during incubation in the dark, whereas the UV8 strain is incapable of doing so.
If the disappearance of photoproducts from the DNA occurred by excision as in E. coli, then the pyrimidine dimers should appear in the acidsoluble fraction after incubation. However, all of the radioactivity initially present in pyrimidine dimers could not be accounted for in the acidsoluble and -insoluble fractions, and it was found that approximately 60% of the excised photoproducts recovered after incubation appeared in the medium.
To test whether dimers still attached to phosphate were passing out of the cell, the incubation medium was adsorbed to and eluted from charcoal. Concentrated samples were chromatographed after elution in butanol-acetic acid-water without trifluoroacetic acid hydrolysis. Under these conditions, phosphorylated compounds remain close to the origin (2). It was found that over 90% of the radioactivity appeared as free thymidine or thymine, which are poorly separated in this system; the remaining activity was clustered in the region of the orgin. The origin region was eluted, hydrolyzed, and rechromatographed. Three radioactive peaks were observed; two corresponded to the Rp values for the thymine-containing photoproducts, and the third corresponded to the value for thymine (2) . The photoproducts were eluted, UV-irradiated in aqueous solution at a dose of 10' ergs/mme, and rechromatographed. After this treatment, the radioactivity migrated at the same RA as did thymine. These results indicate that the excision products containing the dimers remain phosphorylated in their passage through the cell into the medium.
The numerical results of the photoreactivation experiment can be seen in Table 2 . Incubation in the dark had relatively little effect on the dimerto-thymine ratios in acid-insoluble DNA obtained from the sensitive strains of either B. subtilis or E. coli K-12. However, exposure to a Sum of the radioactivity of thymine-thymine dimers and thymine-uracil dimers. b Radioactivity in photoproducts divided by the radioactivity in thymine, expressed as percentages. c Total activity of thymine in the medium, of which 2,250 counts/min was phosphate-bound and 145,000 was free and unphosphorylated. The total activity of the photoproducts (1,030 counts/min) was associated with the phosphate-bound fraction. 
